The exact nature and direction of the association between a history of allergic diseases and lung cancer risk remain controversial.
Introduction
The nature and direction of the association between a history of allergic diseases and the incidence of lung cancer have varied, depending on the type of allergic disease examined. Most evidence is suggestive of an increased risk of lung cancer associated with a history of asthma.
[1] , [2] , [3] , [4] , [5] , [6] and [7] Conversely, a decreased risk of lung cancer associated with a history of eczema[8] and [9] or of hay fever[10] , [11] , [12] , [13] , [14] , [15] and [16] has been observed. Conflicting results across allergic diseases have provided support for 2 different hypotheses. The antigenic hypothesis proposes that immune-stimulating conditions, such as allergies, increase cancer risk through a mechanism of chronic stimulation of cells that results in the occurrence of random mutations in actively dividing cells. [8] , [17] , [18] and [19] In contrast, the immune surveillance hypothesis is in line with a protective effect of allergic diseases against cancer occurrence from an enhanced immune system that can detect and destroy neoplastic cells.
[8] , [11] , [20] and [21] The authors took advantage of their large Canadian population-based casecontrol study to examine the association between a history of allergic diseases (asthma, eczema, and hay fever) and the risk of overall and histologically subtypes of lung cancer using a common study base and methodology. Few studies have considered all 3 allergic diseases simultaneously in the same study population.
[10] , [13] and [22] Moreover, methodologic limitations may have influenced observed associations, including restricted statistical power owing to the small number of incident lung cancer cases, exposure defined as atopy-related diseases rather than specific types of allergic diseases, and possible residual confounding by smoking, 22 in addition to a very low prevalence of specific types of allergic diseases. [10] and [13] Also, none of these studies has reported on the temporal relation between these diseases and the incidence of lung cancer. In the present study, the authors estimated the magnitude of effect for each allergic disease, taking into account several potential confounders, including lifetime smoking history. They also explored the effect of latency exclusions on risk estimates and the relation between each allergic disease and lung cancer according to the interval from age at onset of a specific allergic disease to cancer.
Methods

Selection of Cases
A detailed description of the design, study population, and data collection methods of this population-based study, the Montreal Lung Cancer Case-Control study, is provided elsewhere.
[23] , [24] , [25] , [26] and [27] Briefly, eligible cases were men and women 35 to 75 years old residing in Greater Montreal who had been diagnosed with lung cancer. Newly diagnosed cases were ascertained from 18 hospitals in the metropolitan Montreal region, providing almost complete (∼98%) coverage of lung cancer diagnoses in the area. Potential cases were identified through active monitoring of hospital pathologic reports and consisted of histologically confirmed primary lung cancer cases diagnosed from January 1996 through December 1997. The classification provided by the International Agency for Research on Cancer was used to code histologic subtypes of lung cancer. 28 In total, 1,434 cases were invited to participate in the study and 1,203 cases (84%) accepted.
Selection of Controls
Controls were randomly selected from the general population using electoral lists in the Province of Quebec. These lists, including the names and addresses of practically all Canadian citizens residing in Quebec, were maintained by active enumeration of households until 1994 and have been continually updated since then. Controls were matched by frequency to cases according to age group (±5 years), sex, and broad residential area. Eligibility criteria included being a Canadian citizen, being a resident of Greater Montreal, and having no history of lung cancer. Of 2,182 population controls invited, 1,513 (70%) participated.
Ethics approval was obtained from all collaborating institutions, and subjects provided written informed consent.
Data Collection
Personal interviews with subjects or proxy respondents, if subjects were deceased or too ill to respond, were conducted by a team of trained interviewers. Detailed questions were asked about a wide range of factors, including sociodemographic characteristics; lifestyle habits such as diet and cigarette smoking; lifetime occupational history; and history of 11 selected medical conditions among which were asthma, allergic eczema (henceforth referred to as eczema), and hay fever.
Information about a history of allergic diseases was self-reported, ascertained through questions on whether respondents ever had asthma, eczema, or hay fever. For each positive answer, the age at onset and medication use were recorded with the type or name of medication.
Subjects who had smoked at least 100 cigarettes in their lifetime were classified as "ever-smokers." 29 A "former smoker" was defined as someone who had quit smoking at least 2 years before recruitment. Cigarette-years were estimated as the average number of cigarettes smoked per day multiplied by the duration of smoking in years. A comprehensive smoking index (CSI), which embodies age at starting and quitting and the amount smoked, was found to provide a good fit to the data while maintaining a parsimonious representation of lifetime smoking history, in contrast to multivariable modeling of separate effects of several dimensions of smoking. 30
Statistical Analyses
The present analyses were restricted to subjects who completed the interview section on self-reported allergic diseases: 1,486 controls (98% of participating controls) and 1,169 patients with lung cancer (97% of participating cases). Analyses were conducted separately for asthma, eczema, and hay fever using 2 "exposure" indicators: whether the subject reported previous occurrence of the disease, and whether the subject reported the occurrence and the associated medication use. The φ coefficient (rφ), a measurement of association for 2 binary variables, [31] and [32] was used to investigate the correlation between each pair of allergic diseases. In addition, the reporting of these 3 allergic diseases was integrated into a single composite variable to assess their independent and joint effects. All odds ratios (ORs) and 95% confidence intervals (CIs) were estimated using multivariate logistic regression models. Analyses were conducted for all lung cancers combined and for individual histologic subtypes. Separate models were performed for each type of allergic disease, for various combinations of these diseases, and in various strata of the population. All ORs were adjusted for the following covariates: reference age (age at lung cancer diagnosis for cases or age at interview for controls; continuous), sex (except in sex-specific analyses), educational level (elementary, secondary, or postsecondary), respondent status (self or proxy), ethnocultural origin (French origin, English origin, or other), fruit and vegetable consumption (tertiles based on the distribution among all study subjects), and smoking represented by the CSI (continuous). The latter was used to improve adjustment for smoking and thus minimize residual confounding. Several occupational lung carcinogens (chrysotile asbestos, crystalline silica, soot from any source, diesel engine emissions, and benzo-α-pyrene), 33 found to be associated with lung cancer risk in this dataset, 34 were initially evaluated as potential confounders. Their inclusion in the models did not materially change the risk estimates and thus they were not retained. To explore whether early manifestations or symptoms of lung cancer could have been misreported as recent asthma, the association between asthma and lung cancer was estimated under a range of latency exclusion periods up to 10 years. That is, subjects who had reported an asthma occurrence within 1 to 10 years of the reference age were sequentially excluded from the analysis. Similar analyses were carried out for eczema and hay fever, but to define pertinent intervals from age at onset of the specific allergic disease to the reference age.
Subgroup analyses of the association between allergic diseases and lung cancer were conducted according to age at onset of an allergic disease (<20 vs ≥20 years) and interval from age at disease onset to the reference age. Appropriate cutoffs for "interval" categories were established based on results obtained from the "latency exclusion" analyses.
Models stratified by smoking were carried out. Subjects were classified into 2 strata based on the distribution of the continuous covariate CSI among all smokers in the study. The "never/lighter smokers" stratum included subjects who had never smoked (CSI 0) and lighter smokers (quartile 1 of the CSI distribution), whereas the "heavier smokers" stratum included subjects in quartiles 2 to 4 of the CSI distribution. The authors previously reported that not only were cases more likely to be in the higher CSI smoking quartiles than controls, but even within quartiles, they had higher average cigarette-years accumulated and former smokers had ceased more recently than controls. 35 The interaction between CSI (2 strata) and each allergic disease (binary) was also evaluated. When the values for certain covariates were missing, such as for educational level (2.2%) and CSI (1.4%), median values were imputed based on the distribution according to age, sex, and case vs control status. For missing information on fruit and vegetable consumption (3.5%), median values were imputed based on the distribution of these same variables and ever smoking. All statistical analyses were performed using SPSS 17.0 (SPSS, Inc, Chicago, Illinois).
Results
Sex-specific sociodemographic and lifestyle characteristics of cases and controls are listed in Table 1 . Cases were more likely than controls to have had a proxy respond on their behalf, to have a lower educational level, to be of French origin, to have consumed fruits and vegetables less often, and to have been heavier smokers. In ever-smokers based on 20 cigarettes per packet. c Twenty-seven cases and 7 controls had missing data. Table 2 presents, separately for men and women, the prevalence of each allergic disease. All 3 diseases were more frequently reported by women than by men. In controls, the lifetime prevalences of these diseases were 6.0% for eczema, 8.9% for hay fever, and 9.4% for asthma. Roughly two thirds of subjects who reported eczema and hay fever also reported having used medication to treat the disease, whereas close to 90% of subjects with asthma reported medication use. There were weak correlations between asthma and eczema (rφ = 0.10, P < .001), between asthma and hay fever (rφ = 0.13, P < .001), and between eczema and hay fever (rφ = 0.05, P ≤ .01). Figure 1 illustrates, for each allergic disease, the variability in ORs when excluding subjects with varying latencies from 1 year to 10 years. For all allergic diseases, the point estimates remained stable, except for a slight change in OR for asthma depending on whether latency longer than 2 years was implemented. The ORs for asthma ranged from 0.90 (95% CI 0.65-1.24) for no latency exclusion to 0.85 (95% CI 0.61-1.20) for a latency period of 1 year and to 0.76 (95% CI 0.54-1.08) for a latency period of 2 years. Associations between previous allergic diseases and lung cancer by years of latency exclusion. Models were adjusted for age, sex, education, respondent status, ethnocultural origin, fruit and vegetable consumption, and smoking (represented by the comprehensive smoking index). Table 3 presents associations between each allergic disease and lung cancer. Taken as a whole, the ORs pointed toward a lower risk of lung cancer for each allergic disease. When restricted to those who reported using medication for their allergic disease, associations were slightly stronger; estimated ORs were generally further from the null. For asthma, the point estimate OR was 0.90, which decreased to 0.76 when excluding reports of asthma onset within 2 years of the reference age and then to 0.64 when restricting to subjects who reported using medication for their asthma. Weak negative associations were observed between eczema and lung cancer, whereas hay fever had a strong inverse association with lung cancer. Further mutual adjustment of allergic diseases in the regression models had little effect on the observed associations (data not shown). Excluding asthma that occurred 2 years before the reference age.
As presented in Table 3 , when examining subjects who had only 1 of the allergic diseases, patterns of results were similar to those that did not restrict to 1 disease at a time: there was no evidence of an association with a history of asthma alone, there was a modest association with eczema alone, and there was a lower lung cancer risk in subjects reporting hay fever only compared with those with no allergic disease. Further, subjects having had at least 2 allergic diseases were at an even lower risk. The latter effect was driven largely by the strong inverse association between hay fever and lung cancer. Indeed, in those having at least 2 allergic diseases, 6 of 14 cases (43%) and 42 of 55 controls (76%) had hay fever. Although the direction of associations was very similar between men and women, ORs were further from the null for women than for men who reported a history of asthma. More pronounced inverse associations also were observed in women who reported a history of hay fever compared with men. Although the point estimates were consistently lower for women than for men, tests for interaction between sex and allergic diseases showed no different effect by sex (P = .68 for asthma, P = .92 for eczema, P = .14 for hay fever). Table 4 presents results from additional analyses of lung cancer risk according to age at onset and years since onset of each allergic disease. Most subjects indicated their allergic disease to have occurred during adulthood, at or after 20 years of age. There was no clear difference in ORs according to whether onset of the allergic disease was before or after 20 years of age. Moreover, no differences were observed according to the duration of elapsed time from allergic disease onset to the reference date, with the only exception noted earlier that the OR for the association between asthma and lung cancer changed when subjects who had reported their asthma to have occurred less than 2 years before the reference age were excluded from the analyses. Regarding eczema and hay fever and using broader intervals for years since onset, the direction of the association was essentially unchanged. However, the strength of the relation between hay fever, reported to have occurred within the previous 10 years before the reference age, and lung cancer was weakened (OR 0.52, 95% CI 0.18-1.50). Similar patterns were observed when restricting analyses to those who reported medication use for their allergic disease (data not shown). The associations between each allergic disease and lung cancer according to smoking levels are presented in Table 5 . Slightly stronger associations were observed in subjects who were heavier smokers, but there was no evidence of an effect modification of the associations by smoking (tests for interaction: P = .875 for asthma, P = 0.698 for asthma excluding cases that occurred <2 years before the reference age, P = .915 for eczema,P = .985 for hay fever). In separate analyses focusing on current and former smokers, similar associations were observed, specifically between asthma and lung cancer (data not shown). Compared with never-smokers, no relation was found between smoking behavior (intensity and time since cessation) and asthma occurring 2 years before the reference age (P = .63 for cases, P = .24 for controls) or between smoking behavior and hay fever (P = .40 for cases, P = .49 for controls). The association between a history of each allergic disease and the main histologic subtypes of lung cancer was assessed (Table 6 ). Adenocarcinoma was the most common cell type, accounting for 38% of cases, whereas 29% were identified as squamous cell carcinomas, 17% as small cell carcinomas, 10% as large cell carcinomas, and 6% as unspecified histologic subtypes. As expected, the distribution differed between men and women for 2 histologic subtypes: women (47%) were more likely than men (33%) to present with a diagnosis of adenocarcinoma, whereas squamous cell carcinomas were less frequently diagnosed in women (20%) compared with men (35%). The strongest associations were observed between hay fever and adenocarcinoma, between hay fever and squamous cell carcinoma, and between eczema and small cell carcinoma, although the latter 2 associations were based on a few subjects. Altogether, a tendency for a protective effect of allergic diseases was seen across all subtypes, apart from an elevated OR for the association between asthma and large cell carcinoma. In relation to a history of asthma occurrence 2 years before the reference age, the increased risk was observed mostly in women; an OR of 2.54 (95% CI 0.90-7.14, based on 11 cases) was found compared with an OR of 0.42 (95% CI 0.09-1.93, based on 2 cases) in men. For eczema and hay fever, the numbers were too small, especially for women, to permit separate analyses by sex. 
Discussion
One of the primary motivations for this study was to contrast the relations between lung cancer and each of 3 common allergic diseases in the same population using the same methodology. The risk estimates for all allergic diseases tended to point toward an inverse relation with lung cancer, which was weaker for asthma, of moderate strength for eczema, and strongest for hay fever. Robust associations generally were observed, irrespective of whether analyses were restricted to subjects reporting having had used medication for their allergic disease. Moreover, the ORs of lung cancer did not vary substantially according to age at onset and latency periods or by smoking levels.
Numerous qualitative and quantitative reviews have inferred an elevated lung cancer risk associated with a history of asthma [6] Most recently, a meta-analysis based on 52 studies suggested an increased risk of lung cancer in subjects with asthma (relative risk 1.28, 95% CI 1.16-1.41), but with a high degree of heterogeneity as indicated by the interstudy variability of 73%. 6 Heterogeneity was attributed to several sources, including histology, latency, and asthma ascertainment methods. Based on findings of no association when considering latency longer than 10 years after asthma diagnosis (relative risk 0.98, 95% CI 0.66-1.44, based on 10 studies) and a weaker association in never-smokers (relative risk 1.20, 95% CI 0.81-1.76, based on 5 studies), the investigators concluded that this provided evidence against a direct causal association between asthma and lung cancer risk. In the present study, the ORs ranged from near null to quite protective as the definition of asthma was tightened. One possible reason for observing a different direction in the association between asthma and lung cancer in the present study compared with other studies could be better confounding control, especially for smoking, because analyses were stratified and adjusted by the CSI rather than simply by smoking status, as in previous studies.
There have been fewer studies on the relation between eczema and lung cancer.
One study found no relation between eczema and lung cancer (OR 1.00, 95% CI 0.4-2.6) in 196 cases and 4,271 controls. 13 In the present study, a protective effect of eczema against lung cancer was found, consistent with 2 previous studies.
[8] and [9] The first was a large case-control study reporting a strong protective effect (OR 0.61, 95% CI 0.5-0.8) between a history of eczema and lung cancer; the decreased risk was observed across all histologic subtypes. 8 Conducted by the authors' group in Montreal, the second study showed a strong inverse relation (OR 0.34, 95% CI 0.2-0.7) between a history of eczema and lung cancer in men. 9 Only 1 of the prior studies stratified by interval from age at onset of eczema to the reference age 9 ; the results were unchanged, similar to the present observations. The present finding of a protective effect of hay fever on lung cancer is in accord with most previous reports, [37] Of the latter, 1 was a cohort study in a population of Seventh-Day Adventists that included 62 lung cancer cases, 36 and the second study was conducted in 98 women with small cell lung cancer. 37 Similar to the present findings, associations between hay fever and lung cancer remained unchanged in previous studies when considering several latency exclusions, whether up to 10 years 15 or 20 years. 16 No previous study on hay fever and lung cancer risk has provided stratified analyses by histologic subtypes.
Methodologic Considerations
Response rates for cases and controls were relatively high, which lessens concerns regarding nonresponse bias affecting observed associations. It seems unlikely that there was a selective participation of subjects with allergy for 2 reasons. First, when cases and controls were initially informed and invited to take part in the original study, there was no mention of a research focus on allergy. Second, a history of allergies is not commonly thought to have an effect on lung cancer risk, and thus subjects would not select themselves into the study based on their beliefs of such a possible association.
Information bias is unlikely. Given the absence of public beliefs in an association between allergies and lung cancer, interviewers likely applied identical means of questioning cases and controls on the topic of allergic diseases. Because cases have a particular interest and motivation to seek explanations for their cancers, they might over-report exposures compared with controls. In the present situation, cases reported fewer allergic diseases than controls, with or without medication use, which would go in the opposite direction of such a bias.
There may be misclassification of exposure history resulting from the use of selfreported allergic diseases. Also, the questions were not formulated to collect information on physician-diagnosed allergic diseases. However, validity of selfreported asthma, eczema, and hay fever against clinical diagnosis has been shown to be relatively high.
[38] , [39] , [40] and [41] Most medications reported for asthma control were prescription based, suggesting that self-reported asthma was primarily physician diagnosed. This may not be the case for the other 2 allergic diseases because reported medications were a combination of prescriptions, over-the-counter drugs, and unspecified drugs. One would probably expect nondifferential misclassification errors to have occurred more for eczema and hay fever, but with resulting ORs closer to the null. All previous studies relied on self-reports to define eczema and hay fever. [50] to define asthma status. Of particular relevance in the present study, the prevalence of self-reported allergic diseases observed compared well with what would be expected in this study population. 51 One feature of the present study that could have led to differential information quality between cases and controls is the large number of proxy respondents. Excluding proxy answers from the analyses had no appreciable impact on results. The ORs were 0.81 (95% CI 0.56-1.18) for a history of asthma occurrence 2 years before the reference age, 0.76 (95% CI 0.49-1.20) for eczema, and 0.36 (95% CI 0.22-0.60) for hay fever, similar to risk estimates obtained in the entire sample.
Potential reverse causation was addressed by looking at the temporal relation between age at diagnosis of allergic diseases and reference age. No sign of this bias was detected for eczema and hay fever. Asthma reported to have occurred 2 years before the reference age might have been confused as an early clinical manifestation of lung cancer. Nevertheless, reverse causality appears unlikely because observed associations were seen over a long latency period and, if present, would have resulted in inflated OR estimates above 1.0, which is not what was observed.
The potential for confounding was assessed for a wide range of data on important risk factors for lung cancer, in particular the possible confounding effect of smoking. The stratified analysis of associations between allergic diseases and lung cancer showed no differences by smoking levels. Among the particular strengths of this study is the availability of extensive information on multiple covariates other than smoking, the population-based study design, and consideration of incident and histologically confirmed lung cancer cases.
A consistent risk pattern emerged across the 3 allergic diseases, but one that seemed to vary in strength depending on the disease. When considering occurrence and associated medication use for each allergic disease, a clearer pattern appeared and the inverse associations became more pronounced. This might reflect a shared underlying mechanism by which a history of allergic diseases is associated with lung cancer, specifically that of the immune surveillance hypothesis.
